Brown adipose tissue mitochondria: recoupling caused by substrate level phosphorylation and extramitochondrial adenosine phosphates.
1. Uncoupled oxidative phosphorylation in isolated guinea pig brown-adipose-tissue mitochondria is reflected by a low phosphorylation state of adenosine phosphates in the mitochondrial matrix and in the extramitochondrial space during oxidation of succinate or glycerol 1-phosphate in the presence of serum albumin and 100 muM ADP. Recoupling of respiration and phosphorylation in the mitochondria is indicatdd by a dramatic increase in the phosphorylation state of adenine nucleotides in both compartments, when substrates inducing substrate level phosphorylation are respired. In this case ATP/ADP ratios in the extramitochondrial compartment are 10-15 times higher than in the mitochondrial matrix. 2. Recoupling mediated by substrate level phosphorylation depends on the presence of extramitochondrial adenosine phosphate and on intact adenine nucleotide translocation. In the presence of substrate level phosphorylation the amount of extramitochondrial ADP required to restore energy coupling can be extremely low (20 muM ADP or 10 nmol ADP/mg mitochondrial protein respectively). If substrate level phosphorylation is prevented by rotenone or in the presence of atractyloside, 20-50 times higher amounts of extramitochondrial adenine nucleotides are necessary to cause coupled oxidative phosphorylation. The recoupling effect of ATP is significantly stronger than that of ADP. 3. GDP (100 muM) causes a rapid increase of the ATP/ADP ratio in both compartments which is independent of substrate level phosphorylation as well as of the extramitochondrial adenosine phosphate concentration and the adenine nucleotide carrier. 4. The amount of extramitochondrial adenosine phosphate in guinea pig brown-adipose-tissue (18 nmol/mg mitochondrial protein or 2.5 mM respectively) would suffice for recoupling of oxidative phosphorylation mediated by substrate level phosphorylation under conditions in vitro; this suggests that substrate level phosphorylation is of essential importance in brown fat in vivo with respect to energy conditions in the tissue during different states of thermogenesis.